Perinatal lead exposure sensitizes rats to the rewarding effects of cocaine, but not cocaine/3,4-methylenedioxymethamphetamine(MDMA) combinations by Cardon, Aaron Lynn
~S AP 9 ~ ia!w. ~e~ t i~&&RY 
PERINATAL LEAD EXPOSURE SENSITIZES RATS TO THE REWARDING 
EFFECTS OF COCAINE, BUT NOT COCAINE/3, 4-METHYLENEDIOXY- 
METHAMPHETAMINE (MDMA) COMBINATIONS 
A Senior Honors Thesis 
by 
AARON LYNN CARDON 
Submitted to the Office of Honors Programs 
& Academic Scholarships 
Texas A&M University 
In partial fulfillment of the requirements of the 
UNIVERSITY UNDERGRADUATE 
RESEARCH FELLOWS 
April 2002 
Group: Life Sciences 1 
PERINATAL LEAD EXPOSURE SENSITIZES RATS TO THE REWARDING 
EFFECTS OF COCAINE, BUT NOT COCAINE/3, 4-METHYLENEDIOXY- 
METHAMPHETAMINE (MDMA) COMBINATIONS 
A Senior Honors Thesis 
by 
AARON LYNN CARDON 
Submitted to the Office of Honors Programs 
8 Academic Scholarships 
Texas A&M University 
In partial fulfillment of the requirements of the 
UNIVERSITY UNDERGRADUATE 
RESEARCH FELLOWS 
Approved as to style and content by: 
Jack R. Nation 
(Fellows Advisor) 
Edward A. Funkhouser 
(Executive Director) 
April 2002 
Group: Life Sciences 1 
ABSTRACT 
Perinatal Lead Exposure Sensitizes Rats to the Rewarding Effects of Cocaine, 
but not Cocaine/3, 4-Methylenedioxymethamphetamine (MDMA) Combinations. 
(April 2002) 
Aaron Lynn Cardon 
Department of Psychology 
Texas A8M University 
Fellows Advisor: Dr. Jack R. Nation 
Department of Psychology 
Early-age lead exposure has been shown to have various behavioral effects later in life, 
including learning deficits and mental retardation. Recent evidence indicates that developmental 
lead exposure may serve as a risk factor for drug abuse later in hfe by increasing the reward 
potency of cocaine and other drugs of abuse. In an attempt to extend these findings, the current 
study looked at perinatal lead exposure as a risk factor for later self-administration of cocaine 
and cocaine/3, 4-methylenedioxymethamphetamine (MDMA or "ecstasy ). Female Sprague- 
Dawley rats were exposed daily to either 0 mg (n=6) or 16 mg (n=7) lead acetate via gavage. 
After 30 days of initial exposure, dams were bred with unexposed males. The exposure regimen 
continued throughout breeding, gestation, and lactation up to weaning at post-natal day (PND) 
21. On PND 60, male pups from control and lead-exposed dams were implanted with a jugular 
catheter under surgical anesthesia. Subjects were trained to lever-press for . 500 mg/kg/rnf. 
cocaine. Following shaping, operant responding rates were examined for four doses of cocaine 
(. 030, . 060, . 125, and . 250 mg/kg/inf. ) and cocaine/MDMA combinations (the four cocaine doses 
combined with . 1 mg/kg/inf. MDMA). Analysis of results revealed that animals exposed to lead 
responded at higher rates for all doses of cocaine, with significant differences at low doses (. 030 
and . 060 mg/kg/inf. ). MDMA universally and dose-dependently suppressed responding for 
cocaine (significantly at . 060 and . 125 mg/kg/inf. ). There were, however, no group differences in 
rate of responding for cocaine/MDMA combinations. The results imply that early lead exposure 
serves as a risk factor for later drug abuse by increasing the reward potency of cocaine and 
increasing sensitivity to the suppressive effect of MDMA combinations. Further research to more 
fully characterize the relationship between environmental lead exposure and drug abuse and to 
determine the underlying mechanisms responsible for the observed behavioral effects may 
prove vital to our understanding of risk factors involved the selection and intake of commonly 
abused drugs. 
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PERINATAL LEAD EXPOSURE SENSITIZES RATS TO THE REWARDING 
EFFECTS OF COCAINE, BUT NOT COCAINE/3, 4-METHYLENEDIOXY- 
METHAMPHETAMINE (MDMA) COMBINATIONS 
INTRODUCTION 
Environmental pollution continues to present health risks in the United States. Of the 
many hazardous environmental chemicals that are potential sources of risk, heavy metals such 
as lead are possibly of greatest concern. Those living in the inner city are much more likely to 
have elevated blood lead levels (BLLs) that put them at risk for health problems (Pirkle, 
LeBoutillier, 8 Brooks, 1992; Vanderschmidt, Lang, Knight, & Vanderschmidt, 1993). A recent 
report by the Centers for Disease Control and Prevention (CDC) mdicates that although the 
percentage of children nationwide with elevated BLLs above the current guidelines of 10 ug/dk 
has been decreasing, up to 7. 6'%%d of children nationwide may still be at risk for the effects of lead 
poisoning (CDC, 2000). 
Relative to the adult, the developing brain is more vulnerable to metal-toxicity (Cory- 
Slechta, 1997; Needleman, 1992; Tesman & Hills, 1994; Winneke, Altmann, Tuifeld, Behler, 
Gutsmuths, & Mangold 1994). Various toxic effects of childhood lead exposure such as learning 
deficits and retanfation (Needleman, 1992; Winter, 1982) persist long after blood metal residues 
return to normal (Banks, Ferretti, & Shucard, 1997; CDC, 1991). In animal studies of 
developmental lead exposure, the literature describes how both appetitively (e. g. , Newland, Ng, 
Baggs, Gentry, Weiss, 8 Miller, 1986; Rice, 1993) and aversively (Winneke, Lilienthal, & Wemer, 
1982) motivated behavior is impaired. 
Heavy metal exposure has long-term effects on various neurotransmitter systems. A 
body of evidence indicates neonatal lead exposure, relative to the adult case, is appreciably 
This thesis follows the style and format of /Veurotoxico/ogy. 
more likely to alter glutamate receptor binding and NMDA stimulated changes in behavior 
(Guilarte, 1997; Petit, LeBoutillier & Brooks, 1992; Rajanna, Rajanna, Hall, & Yallapragada, 
1997). Other lead/neurotransmitter studies indicate developmental lead exposure interferes with 
the synthesis and release of dopamine (Lasley, 1992). 
The rewarding effects of commonly abused drugs are believed to be regulated by their 
effects on neurotransmitter release. Cocaine and 3, 4-methylenedioxymethamphetamine (MDMA 
or ecstasy ) both act on the post-synaptic reuptake mechanism to increase extracellular levels 
of dopamine, serotonin, and norepinephrine (McKim, 1997). Long-lasting disturbances in 
dopaminergic and glutamate function such as those caused by early-age lead exposure may 
affect selection and intake patterns of many commonly abused drugs (Wise & Bozarth, 1987). 
Thus, it is not surprising that lead exposure effects on various animal models of drug 
abuse have been reported. In adult rats, lead contamination has been observed to increase 
alcohol consumption (Nation, Baker, Fantasia, Ruscher, & Clark, 1987; Nation, Baker, Taylor, & 
Clark, 1988), disturb behavioral effects of cocaine exposure (Grover, Nation, & Bratton, 1993; 
Nation, Miller, 8 Bratton, 2000), and antagonize stimulatory properties of morphine (Miller, 
Nation, Jest, Schell, & Bratton, 2000). Further, it has been recently shown that perinatal lead 
exposure alters responsiveness to cocaine when the drug is presented during the adult cycle, 
long after the toxicants have been cleared from the soft tissues (blood, brain) (Nation, Smith, & 
Bratton, 2002). 
These demonstrated relationships between lead exposure and drug effects, in 
combination with the continued widespread national issues associated with drug abuse, make a 
compelling argument for research to more fully characterize the relationships between heavy 
metal exposure and drug abuse. The recent and growing trend in the drug subculture of using 
polydrug combinations indicates that research examining polydrug interactions is long overdue. 
The current study examined the effects of perinatal lead exposure on later self-administration of 
cocaine and cocaine/MDMA combinations. Cocaine is a powerful reinforcing stimulus, and is 
readily self-administered by various mammalian species, induding rats (McKim, 1997). MDMA 
self-administration, however, has been reported in only a few studies involving rhesus monkeys 
(Beardsley, Balster, & Harris, 1986) and baboons (Sannerud, Brady, & Grifffths 1989). Reliable 
self-administration of MDMA has not been reported in rats. 
To determine the relationships between early-age lead exposure, cocaine, and MDMA, 
we employed an animal model that tested adult male rats for self-administration of cocaine and 
cocaine/MDMA combinations long after lead-exposure had ceased. Animals born to dams 
exposed to 0 mg or 16 mg lead daily prior to and throughout breeding, gestation, and lactation 
were tested in free-operant responding for various doses of cocaine (. 030-. 25 mg/kg/intravenous 
infusion) and cocaine/MDMA combinations (cocaine doses combined with . 1 mg/kg/inf. MDMA) 
beginning on postnatal day 70. Based on the neurotransmitter evidence and on previous 
behavioral research (Nation et al. 
, 2002), we hypothesized that perinatal lead exposure would 
sensitize animals to the rewarding effects of both cocaine and cocaine/MDMA combinations. In 
a free-operant responding paradigm of self-administration, this sensitization is represented by a 
leftward shift (higher responding for lower doses) in the dose-effect curve for the drugs. We 
further expected MDMA to augment the primary rewarding effects of cocaine, resultmg in a 
similar leffward shift in the dose-effect curve (relative to cocaine administered alone). 
METHODS 
All aspects of the research reported here were approved by the Texas A&M University 
Laboratory Animal Care Committee. 
Animals 
For 30 days female Sprague-Dawley (Harlan; Houston, TX) rats were exposed daily to 0 
(sodium acetate, n=6) or 16 mg lead (as lead acetate, n=7) using a 16 ga oral gavage needle. 
The respective solutions were dissolved in a volume of 1. 0 mL-deionized water. After 30 days of 
initial exposure, females were bred with nonexposed males. Cages were checked daily for 
copulatory plugs, and males were removed as soon as plugs were found. Females received 
their daily doses of control or lead solution throughout gestation and lactation. Use of the 
gavage procedure permitted a perinatal lead exposure regimen wherein pups were unable to 
gain postnatal access to lead via routes other than maternal milk. Rat chow and tap water were 
available ad libitum in the home cage. 
Body weights of offspring were recorded on postnatal day (PND) 1 and litters were 
culled to 8 pups. Body weights were recorded weekly for each pup. Pups remained viith dams 
until PND 21, at which point all male pups were separated into cages containing 2-3 pups each 
and given ad libitum access to standard rat chow and tap water with no added lead. Food intake 
was measured weekly for male offspring after PND 21. On PND 50, animals were separated 
into individual housing, where they remained for the remainder of the study. To avoid confounds 
of litter effects, only one pup from each litter was used in the experiment. Other pupa were used 
for related studies on lead toxicology and behavioral pharmacology. All animals were 
maintained on a 12-hr light/dark cycle and individually housed from PND 50 until the study was 
completed. 
~Su e 
On PND 60, under aseptic conditions, chronic indwelling jugular catheters were 
implanted in controls (n=6) and lead-exposed (n=7) animals. Anesthesia was produced with 
separate intraperitoneal (i. p. ) injections of 50-mg/kg ketamine and 50-mg/kg sodium 
pentobarbital. A catheter consisting of . 02 interior diameter silastic tubing (Dow Coming) and a 
silicon mount was inserted into the right jugular vein and held in place with silk thread. The 
catheter was passed subcutaneously through the body of the animal and exited the top of the 
head between the ears. The catheter was attached to a 22 ga metal tube approximately 5 cm in 
length which was mounted to the skull using jewelers' screws and dental acrylic. To maintain 
catheter patency throughout the study, rats received daily infusions (. 1 mL) of a sterile saline 
solution containing heparin (1. 25 U/mL), ampicillin sodium (1 70 mg/mL), and streptokinase 
(8, 000 U/mL). Rats were allowed a 7-day recovery period before the onset of self-administration 
training. 
Self-Administration Trainin /Testin 
Sixteen free-operant self-administration chambers (Med Associates) in sound- 
attenuating cubides served as the test apparatus, Each chamber contained two levers and a 
stimulus light above each lever. Infusion pumps (Med Associates) delivered drug solution to 
each of the boxes. A 20-mL syringe delivered i. v. infusions (. 1 mL) over a 12. 0 sec intenral. 2 
IBM computers controlled the system using OPN software to control drug delivery and record 
data from 8 chambers each. Subjects were randomly assigned to chambers, and testing 
occurred at the same time each day during the light phase of the cycle. 
All test animals were water deprived for 24-hr prior to commencing shaping to lever 
press for a . 500 mg/kg infusion of cocaine HCI [administered as the salt]. Shaping occurred in 2- 
hr daily sessions on a fixed-ratio (FR-1) schedule wherein each depression of the right ("active") 
lever activated the 20-mL syringe infusion pump, delivering an infusion of drug. The right 
stimulus light was illuminated for the duration of each drug infusion. The houselights inside the 
test chambers were tumed off during self-administration training and testing. Lever responses 
during the drug-delivery phase had no programmed consequence and are not reported here. 
Lett ("inactive") lever responses were recorded but had no programmed consequence. 
Once animals acquired the lever press response and responding stabilized at FR-1, 
water was again made available ad libitum in the home cage and animals were shiffed to an FR- 
2 baseline schedule of i. v, cocaine reinforcement wherein two active lever responses resulted in 
a delivery of . 500 mg/kg cocaine. 
Dose-effect testing began after responding stabilized (&20dk variation across 2 sessions) 
at FR-2 for. 500 mg/kg infusions. Two stable baseline sessions of responding at each dose of 
cocaine (. 125, . 25, . 06, and . 03, in order) were followed by two test sessions consisting of the 
cocaine dose from the previous session in combination with . 1 mg/kg/inf. MDMA [administered 
as the salt]. Number of active lever responses was recorded for each daily session. 
~BI dd I 
To confirm exposure levels, blood samples were collected from dams and pups at 
various points during the experiment and analyzed for lead levels using atomic absorption 
spectrophotometry. For dams, . 1-. 15 mL of tail-blood was drawn one day prior to breeding, at 
day 10 of gestation, and PND 1. Blood samples were collected from litteimates sacrificed at 
PND 1 and PND 21. Under lethal anesthesia produced by sodium pentobarbital (1 50 mg/kg 
i. p. ), blood was collected via cardiac puncture from dams at PND 21. Test animals and 
littermates were sacrificed and blood samples collected in the same manner at the end of dose- 
effect testing. 
Statistics 
All data were analyzed using SysStat 7. 0. Separate one-way analyses of variance 
(ANOVAs) were used to analyze litter size and blood and tissue lead levels by Group (0 or 16- 
mg lead). Body weights and food intake for pups were analyzed by Group across Weeks using 
separate repeated measures two-way ANOVAs (Groups X Weeks). To analyze the effects of 
lead on responding for cocaine and cocaine/MDMA combinations, active lever responses from 
the last baseline session and from the last test session were analyzed by Group across Dose 
using separate repeated measures two-way ANOVAs. Another repeated measures two-way 
ANOVA was used to analyze the effects of MDMA on responding for cocaine across dose, using 
MDMA (presence or absence) and Dose as the independent variables. 
RESULTS 
Consistent with the stated hypothesis and previous findings (Nation et al. , 2002), the 
results of our experiment indicate that lead exposure during gestation and lactation sensitizes 
animals to the rewarding effects of cocaine when the drug is offered as a reinforcer much later in 
life (i. e. produces a leftward shift in the dose-effect curve). Contrary to our expectations, 
however, we found that MDMA had a generally suppressive effect on cocaine responding 
Bod Wei hts and Food Intake 
Analysis revealed no significant difference (p&. 05) between Group 0-mg Lead and 
Group 16-mg Lead in terms of either body weights or food intake. Figures 1 and 2 display 
representative data (seven weeks beginning around PND 21) by group for body weights and 
food intake, respectively. 
7 2 3 4 5 6 7 7 2 3 4 5 6 7 
Fig. 1 Average Weekly Food Intake by Group. Fig. 2 Average Weekly Body Weights by 
Analysis showed no significant difference across Group. Analysis showed no significant 
Groups (g&. 05). difference across Groups (g&. 05). 
Cocaine Self-Administration 
Examination of responding for cocaine delivered alone revealed that at the lower doses 
of . 030 and . 060 mg/kg cocaine there was evidence that lead-exposed animals (Group 16-mg 
Lead) responded at higher rates than controls (Group 0-mg Lead). Figure 3 shows the dose- 
effect curve for each group. Group 1B-mg Lead animals responded significantly more frequently 
for cocaine, with a main effect of Groups (F(1, 11)=9. 04, g&. 05). Responding by Group 16-mg 
Lead was significantly greater at both . 030 mg/kg (F(1, 11)=7. 62, g&. 05) and . 060 mg/kg 
(F(1, 11)=9. 33, g&. 05). Responding for the higher doses of . 125 mg/kg (mean responses/ 
session = 132. 2+ 34. B SEM and 178. 5 t 17. 06 SEM for Groups 0-mg Lead and 16-mg Lead, 
respectively; g&. 05) and . 250 mg/kg (mean responses/session = 90. 4 t 14. 33 SEM and 100. 2 + 
13. 0 SEM for Groups 0-mg Lead and 16-mg Lead, respectively; g&. 05), while higher in Group 
16-mg Lead, was not significantly different across Groups. 
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Fig. 3 Dose-Effect Responding for Cocaine by Group. Early exposure to lead was found 
to produce the expected leff shift in the dose-effect curve, providing evidence that lead 
exposure increased cocaine's reward potency. Responding in Group 16-mg Lead was 
higher at all doses, with significant differences ( ) at . 030 and . 060 mg/kg/inf. 
Cocaine/MDMA Self-Administration 
Comparison of responding for cocaine alone versus cocaine/MDMA combinations 
revealed that MDMA suppressed responding with a significant MDMA X Dose interaction effect 
(F(1, 24)=11. 40, g&. 01). MDMA significantly suppressed responding at doses of . 060 
(F(1, 24)=10. 72, g&. 01) and . 125 mg/kg (F(1, 24)=8. 22, g&. 01) cocaine. Figure 4 shows 
responses for cocaine baseline doses and for combination doses (averages collapsed across 
Groups 16-mg Lead and 0-mg Lead, which did not differ, g&. 05). 
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Fig. 4 Effect of MDMA on Responding for Cocaine (collapsed across Groups). 
Contrary to expectations, MDMA was found to dose-dependently suppress responding 
for cocaine, with significant (*) effects at . 060 and . 125 mg/kg/inf. 
Finally, Table 1 presents lead concentration data for dame, littermates, and test animals. 
It is evident from these data that the behavioral effects observed among test animals occurred 
after lead had cleared soff tissues such as blood and brain. 
Table 1 Blood Lead Levels for Dams and Pups at Various Experimental Points. 
Reported as average (SEM); significant differences (. 05 marked b *. 
~E' tlPlt 
Dams 
GGGII- tI dd ~GIIP I d 
Day 30 Exposure 
Day 10 Gestation 
PND 2 
PND 21 
Littermates 
. 01 (. 002) 
. 03 (. 011) 
. 01 (. 003) 
. 01 (. 001) 
. 31 (. 029)* 
. 29 (. 034)* 
. 40 (. 056)* 
. 34 (. 080)* 
PND 1 
PND 21 
Subjects 
End Dose Effect 
02 ( 004) 
. 01 (. 004) 
. 03 (. 001) 
. 46 (. 060)* 
12 (. 023)* 
. 02 (. 005) 
DISCUSSION 
Consistent with predictions and previous findings (Nation, 2002), early-age lead 
exposure was found to produce a leR shift in the dose-effect curve. This provides further 
evidence that developmental heavy-metal toxicity sensitizes rats to the rewarding effects of 
cocaine (i. e. increases the reward potency of cocaine) when the drug is presented much later in 
life. Interestingly, however, our results failed to show any effect of early lead exposure on rates 
of self-administration of cocainelMDMA combinations. While these data seem to imply that early 
lead exposure has no effect on the reward potency of the drug combination, the significant 
difference of responding for cocaine implies a different interpretation. 
Our results indicate that MDMA suppresses responding for cocaine at peak doses with a 
"floor" effect, wherein presence of the drug . . . causes responding to decrease to very low levels 
relative to responding for cocaine alone. The drug suppresses responding in a dose-dependent 
fashion (with the strongest effect at lower doses). Despite increased responding for cocaine 
alone by animals exposed to lead, however, responding for the drug combination did not vary 
between the two groups. The drug therefore had a greater suppressive effect in lead-exposed 
animals than in controls. This indicates either a differential sensitivity to the effect of the drug 
based on early lead exposure or a limit to the reward potency of cocaine determined by the 
presence of MDMA. To determine which, if either, of these explanations is correct, further 
research should focus on testing the effects of various doses of MDMA on responding for the 
drug combination. 
The observed suppressive effect may be due to either a general sedative effect of the 
drug or receptor competition between the two drugs. Anecdotal reports indicate that, unlike most 
amphetamine derivatives, MDMA oRen has a sedative effect in humans. The floor effect on 
cocaine responding indicates that once a certain level of MDMA is attained in the blood, the 
sedative properties may overcome the rewarding properties of cocaine, thereby compromising 
the reinforcing properties of the stimulant (and producing the observed suppression in 
responding). 
However, since MDMA and cocaine both work on the same post-synaptic reuptake 
mechanism, it is also possible that receptor competition accounts for the observed interaction. 
MDMA acts most potently to increase serotonin release, whereas cocaine's most potent effects 
are on dopamine. If the presence of MDMA effectively blocks dopamine reuptake receptors from 
interaction with cocaine, the observed lower responding (implying lower reward potency) would 
be expected. However, receptor competition at the serotonin or norepinephrine reuptake sites 
could be equally important in explaining the observed effects. Therefore, future research should 
focus on the interaction between cocaine and more selective pharmacological agents to more 
fully characterize the underlying mechanism creating the observed interaction. 
As a final note, the observed interaction between cocaine and MDMAin vive underlines 
the importance of future polydrug combination research. Our results indicate that polydrug 
abuse changes the risks involved in drug abuse. Given the growing trend in polydrug abuse and 
our poor understanding of the subject, future research involving various polydrug combinations 
could potentially benefit our ability to understand and treat drug abuse. 
REFERENCES 
Centers for Disease Control and Prevention. Blood Lead Levels in Young Children --United 
States and Selected States, 1996 — 1 999. MMWR (Morbidity and Mortality Weekly 
Report) 2000 (Vol. 49, No 50). 
Banks, E. C. , Ferretti, L. E. , & Shucard, D. W. (1 997). Effects of low-level lead exposure on 
cognitive function in children: A review of behavioral, neuropsychological, and biological 
Id . ~NI I I 18, 237-282. 
Beardsley, P. M. , Balster, R. L. , Harris, L. S. (1986). Self-administration of 
methylenedioxymethamphetamine by Rhesus monkeys. Dru and Alcohol De endence 
18(2): 149-157. 
Centersfor Disease Control(1991). Preventin lead oisonin in oun children-Astatementb 
the Centers for Disease Control Atlanta: Centers for Disease Control. 
Gory-Slechta, D. A. (1997). Relationships between Pb-induced changes in neurotransmitter 
yg N NI dh h I It IMy. ~Nt I 18, 673. 888 
Grover, C. A. 
, 
Nation, J. R. 
, 
& Bratton, G. R. (1993). Chronic exposure to lead attenuates cocaine- 
induced behavioral activation. Pharmacolo Biochemist and Behavior 44, 221-225. 
Guilaite, T. R. (1 997). Pb inhibits NMDA function at high and low affinity sites: Developmental 
d gt Ih I p I . ~NI I I 18, 43-52. 
Lasley, S. M. (1992). Regulation of dopaminergic activity, but not tyrosine hydroxylase is 
dt i iyhM It tt I I d 6 . ~NI »i I 13, 625N36. 
McKim, William A. Dru s and Behavior An Introduction to Behaveioral Pharmacolo . 3'" 
Edition. Prentice Hall, NJ; 1997. 
Miller, D. K. , Nation, J. R. , Jost, T. E. , Schell, J. B. , & Bratton, G. R. (2000). Differential effects of 
adult and perinatal lead exposure on morphine-induced locomotor activity in rats. 
Pharmacolo Biochemist and Behavior under review. 
Nation, J. R. , Baker, D. M. , Fantasia, M. A. , Ruscher, A. E. , and Clark, D. E. (1987). Ethanol 
consumption and free operant avoidance performance following exposure to dietary 
d. ~NI I 8, 561-569. 
Nation, J. R. , Baker, D. M. , Taylor, B. , & Clark, D. E. (1986) Dietary lead increases ethanol 
consumption in the rat. Behavioral Neuroscience 100, 525-530. 
Nation, J. RN Miller, D. KN & Bratton, G. R. (2000). Dietary cadmium exposure alters 
characteristics of training, substitution, and tolerance when morphine is used as a 
dt I tt tt I . N~ti I I p 
Nation, J. R. 
, Smith, K. R. , & Bratton, G. R. (2002). Developmental Lead Exposure Increases 
Cocaine Reward. In Preparation. 
Needleman, H. L. (1992). Human lead ex osure. Boca Raton: CRC Press. 
Newland, M. C. , Ng, WN Baggs, R. B. , Gentry, G. D. , Weiss, BN & Miller, R. K. {1986). Operant 
h I I t Itt MN tl »p t d I . T~tl 34, 231. 241. 
Petit, T. L. 
, 
Leboutillier, J. C. 
, 
& Brooks, W. J. (1992). Altered sensitivity to NMDA following 
developmental lead exposure in rats. Ph siol & Behavior 52, 687-693. 
Pirkle, J. L. 
, Brody, D. J. , Gunter, E. W. , Kramer, R. A. , Paschal, D. C. , Flegai, K. M. & Matte, T. D. 
(1994). The dedine in blood levels in the United States: The national health and nutrition 
examination surveys (NHANES). Journal of American Medical Association 272, 284- 
291. 
Rajanna, B. , Rajanna, S. , Hall, E. , & Yallapragada, P. R. (1997). In vitro metal inhibition of N- 
methyl-D-apartate specific glutamate receptor binding in neonatal and adult rat brain. 
Dru and Chemical Toxicol 20, 21-29. 
Rice, D. (1 993). Lead induced changes in learning: Evidence for behavioral mechanisms from 
P *tl I I t tt* ~N* t I I 14757 778- 
Sannerud, C. A. , Brady J. V. , Griffrths, R. R. (1989). Self-injection in baboons of amphetamines 
d I t*d d Ig d g . N~lgh R M 94:311-42. 
15 
Tesman, J. R. , & Hills, A. (1994). Developmental effects of lead exposure in children. Social 
~PM R 6 8, 1-16. 
Vanderschmidt, H. F. , Lang, J. M. , Knight, G. F. , & Vanderschmidt, G. F. (1993). Risks among 
inner-city young teens: The prevalence of sexual activity, violence, drugs, and smoking. 
Journal of Adolescent Health 14, 282-288. 
Winneke, G. , Altmann, L. , Turfeld, M. , Behler, R. , Gutsmuths, F. J. , & Mangold, M. (1 994). 
Neurobehavioral and neurophysiological observations in six year old children with low 
dl I I 6 d dW RG y. ~NI I I 15, 765-714. 
Winneke, G. 
, 
Lilienthal, H. 
, 
& Wemer, W. (1982). Task-dependent neurobehavioral effects of 
lead in rats. Archives of Toxicolo Su lement 5, 84-93. WI, RAN EB dh, MA(19877AP y h t M I tth 6 I ddldl*. ~ph I 
Review 94, 445-460. 
16 
VITA 
Aaron Cardon 
PO Box 4489 College Station, TX 77844 
alc2536@labs. tamu. edu 
(979) 847-5188 (Home); (979) 458-3936 (Work) 
EDUCATION 
Texas A&M University 
College Station, TX 77843-6001 
~ Anticipated Graduation May 2002; B. S. Psychology 
August 1999 — present 
RESEARCH EXPERIENCE 
Student Worker, 1/01 — 12/01; Dr. Antonio Cepeda-Benito 
Assisting in research examining the role of associative cues on the development of 
nicotine tolerance and addiction. 
Animal Handling and Care (injections, surgery, etc. ) 
Lab Procedures (Tail flick and hot plate analgesic response tests) 
Student Worker, 9/99 — 12/00; Dr. Susan Schenk 
Assisted in research examining the role of various experimental compounds on 
cocaine self-administration. 
Lab Procedures as described above 
PAPERS IN PREPARATION' 
Nation J. R. 
, 
Bratton G. R. , Cardon A. L. Et/acts of Perinata/ Lead Exposure on Cocaine 
Progressive Ratio and Reinstatement. (In preparation) 
Cardon A, L. , Nation J. R. Bratton G. R. Perinatal Lead Exposure Sensitizes Rats to the 
Rewarding Effects of Cocaine, but not Cocaine/3, 4-Methylenedioxymethamphet- 
amine (MDMA) Combinations. (In preparation) 
EXTRACURRICULAR/VOLUNTEER ACTIVITIES: 
Member, Texas A&M Pre-Medical Society. Jan. 2001 — present. 
Volunteer, Texas A&M Student Counseling Helpline. May 2001 — present. 
Lechner Hall Volunteer Coordinator, Bryan/College Station Habitat for Humanities. August 
2000 — May 2001. 
Sophomore Advisor, Lechner Hall. August 2000 — May 2001. 
HONORS/AWARDS: 
National Merit Finalist. November 1999. 
Academic Scholarships — Walter W. Lechner Scholarship, Director's Excellence Award. 
Texas A&M University Research Fellow. May 2001 — present. 
Texas A&M University and Foundation Honors upon graduation. May 2002. 
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